We present a sample of 91 H i galaxies with little or no star formation, and discuss the analysis of the integral field unit (IFU) spectra of 28 of these galaxies. We identified H i galaxies from the H i Parkes All-Sky Survey Catalog (HICAT) with Wide-field Infrared Survey Explorer (WISE) colours consistent with low specific star formation (< 10 −10.4 yr −1 ), and obtained optical IFU spectra with the Wide-Field Spectrograph (WiFeS). Visual inspection of the PanSTARRS, Dark Energy Survey, and CarnegieIrvine imaging of 62 galaxies reveals that at least 32 galaxies in the sample have low levels of star formation, primarily in arms/rings. New IFU spectra of 28 of these galaxies reveals 3 galaxies with central star formation, 1 galaxy with low-ionisation nuclear emission-line regions (LINERs), 20 with extended low-ionisation emission-line regions (LIERs) and 4 with high excitation Seyfert (Sy) emission. From the spectroscopic analysis of H i selected galaxies with little star formation, we conclude that 75% of this population are LINERs/LIERs.
INTRODUCTION
Neutral atomic hydrogen (H i) gas plays a vital role in the evolution and growth of galaxies, as H i gas is the principal cool gas reservoir within galaxies from which molecular hydrogen, H 2 , can form and then produce stars. Local galaxies fall into two main populations: optically-red, dead spheroids, and blue, young, and star-forming disc galaxies (Tully et al. 1982; Blanton et al. 2003; Baldry et al. 2004; Schiminovich et al. 2007 ). This bimodal distribution suggests that blue disc galaxies grow via star formation, quench their star formation and often transition to early-type morphology when their H i gas reservoirs are heated or removed (e.g, Larson et al. 1980; Bell et al. 2004; Martin et al. 2012 ) by a diverse set of mechanisms that operate via quenching or regulation of the gas supply (e.g, Kereš et al. 2005; Hopkins et al. 2008; Martin et al. 2007 ). Understanding the mechanisms through which galaxies deplete their H i gas will contribute to our understanding of the evolution of galaxies and their different properties.
Large "blind" surveys of H i have allowed us to study and measure the correlations between star formation, stellar E-mail: vaishali.parkash@monash.edu mass and H i content of galaxies in the local Universe. Unsurprisingly, the H i content of galaxies does correlate with stellar mass and star formation rate (SFR; e.g., Haynes et al. 1984; Doyle & Drinkwater 2006; Catinella et al. 2010; Cluver et al. 2010; Huang et al. 2012; Dénes et al. 2014; Parkash et al. 2018) . Doyle & Drinkwater (2006) found that the H i masses of galaxies increase as a function SFR, with powerlaw indices of 0.6 and 0.4 for infrared (IR)-derived SFRs and 1.4 GHz-derived SFRs, respectively. Using the H i sample from Parkash et al. (2018) and a contemporary WISE W3 SFR calibration, we estimate H i mass increases with SFR as a power-law with an index of 0.45. However, we also see individual galaxies to have a large scatter about this relation, with a 1σ scatter of 0.35 dex.
The observed relationship between H i gas mass and SFR is predicted by hydrodynamical simulations (e.g., Vogelsberger et al. 2014; Lagos et al. 2016) . In order to maintain star formation, galaxies replenish their gas content from multiple sources (e.g., Benson & Bower 2010; Somerville & Davé 2015) including accreting gas from the intergalactic medium (IGM; Binney 2004; Kereš et al. 2005; Dekel et al. 2009 ), from their halos via a galactic fountain mechanism (Fraternali et al. 2002 (Fraternali et al. , 2011 , or from gas-rich mergers (Sancisi et al. 2008 ). The gas then settles into a disk in the galaxy and will collapse to create molecular gas and then stars when the disk becomes sufficiently dense. This interplay between gas inflow and star formation is essential for reproducing observed scaling relations between properties of galaxies and gives rise to well-known correlations such as the KennicuttSchmidt law (Kennicutt 1998) . However, the relationship between SFR-H i breaks down when the H i column density (Bigiel et al. 2010 ) is so low that the angular momentum prevents the gas from collapsing (Kim & Lee 2013; Obreschkow et al. 2016 ). More recent work of Bacchini et al. (2018) shows that the Kennicutt-Schmidt law does not break after the conversion to volume densities, suggesting that the break in surface-based laws is caused by flaring of the gas disc rather than an inefficiency of star formation at low surface densities.
Multiple groups have targeted galaxies that are outliers from scaling relations between SFR, stellar mass and H i mass of galaxies, including H i-excess galaxies (Lutz et al. 2017; Geréb et al. 2016 Geréb et al. , 2018 and elliptical galaxies with H i gas (Oosterloo et al. , 2010 Serra et al. 2012) , with the goal of understanding the mechanisms that regulate star formation. An archetype H i-excess galaxy, GASS 3505, with H i mass (M H I )= 10 9.9 M and a surprisingly inefficient SFR of ∼ 0.1 M yr −1 , was found to be associated with a 50 kpc gas ring. Evidence of recent star formation was observed in regions of high H i column densities (> 10 20 cm −2 ), but not in regions of low H i column densities, suggesting that low H i column density is likely the main factor for the low SFR (Geréb et al. 2016) . It has also been proposed that the high specific angular momentum of H i-excess galaxies prevents the gas in these galaxies from collapsing inwards (Hallenbeck et al. 2014; Boissier et al. 2016; Obreschkow et al. 2016; Lutz et al. 2017) . Some early-type galaxies (ETGs; ellipticals and lenticulars) have also been found to have H i gas masses similar to spirals (e.g, Knapp et al. 1985; Sadler et al. 2002; Oosterloo et al. 2010; Serra et al. 2012 ). However, while the H i column density distribution of spirals is very broad, reaching up to 10 21 cm −2 , most H i-rich ETGs have H i column densities < 5 × 10 20 cm −2 (Serra et al. 2012; Yıldız et al. 2015) . ETGs have column densities that are similar to those observed in the outer regions of spirals where very little star formation occurs (Bigiel et al. 2010) .
The aim of this work is to identify a sample of H i galaxies with low SFRs and gain insight into why these galaxies are inefficient at converting their H i into stars. We have compiled a sample of H i galaxies with low or no star formation based on their WISE mid-IR photometry (Parkash et al. 2018 ) and obtained integral field unit (IFU) observations for a subsample. The paper is arranged as follows: Section 2 defines the sample; Section 3 details the IFU observation and data; Section 4 and 5 describes the galaxies with IFS; Section 6 discusses the results; and Section 7 summarises our work. All magnitudes are in the Vega system. The cosmology applied in this paper is H 0 = 70 km s −1 , Ω M = 0.3, and Ω Λ = 0.7.
SAMPLE

Sample Selection
We selected this sample from H i Parkes All-Sky Survey (HIPASS) Catalogue (HICAT; Meyer et al. 2004 ) and new Wide-field Infrared Survey Explorer (WISE) photometry (Wright et al. 2010; Parkash et al. 2018 ). HICAT comprises of 4315 H i sources below a declination δ of +2 • detected by Parkes 64 m radio telescope using a 21 cm multibeam receiver. The catalogue is 99% complete at a peak flux of 84 mJy and an integrated flux of 9.4 Jy km s −1 (Zwaan et al. 2004) .
WISE, launched on December 2009, mapped the entire sky in the W1, W2, W3, and W4 infrared bands, corresponding to 3.4, 4.6, 12, and 22 µm respectively (Wright et al. 2010) . The four WISE bands achieved point source sensitivities in Vega magnitudes of 16.5, 15.5, 11.2, and 7.9, respectively, with W4 being approximately two orders of magnitude more sensitive than the Infrared Astronomical Satellite (IRAS) equivalent band. The W1 and W2 bands are dominated by light from K-and M-type giant stars and are good tracers of the underlying stellar mass of a galaxy (e.g., Meidt et al. 2012; Cluver et al. 2014) . The W3 band is a star formation rate indicator that is dominated by emission from polycyclic aromatic hydrocarbon (PAH) features, warm dust, and silicate absorption (e.g., Calzetti et al. 2007; Cluver et al. 2017 ). The WISE mid-infrared bands are a powerful tool to measure the stellar mass and star formation rates of galaxies at low redshifts with minimal extinction.
In Parkash et al. (2018) , we constructed new WISE image mosaics and measured improved photometry for 2831 HICAT galaxies to mitigate limitations in the default ALL-WISE photometry. ALLWISE photometry (Cutri & et al. 2013 ) is optimised for point sources (e.g. Jarrett et al. 2013 ) and therefore is not ideal for resolved sources such as HI-CAT galaxies. Also, the elliptical apertures (gmag) in the WISE catalogs for 2MASS Extended Sources (2MXSC; Jarrett et al. 2000) miss a significant fraction of the flux. For W1 ∼ 10 mag galaxies, the new W1 and W3 magnitudes are on average systematically brighter by 0.6 and 0.8 mags (respectively) than the default pipeline magnitudes, while larger offsets can occur for fainter galaxies (Parkash et al. 2018) . For further details about the new photometry, we refer the reader to Jarrett et al. (2013) and Parkash et al. (2018) .
To select H i sources with little or no star formation we implemented the following selection criteria:
(i) A HICAT source with observed W2-W3 colour < 2.0, which corresponds to galaxies with a specific star formation rate (sSFR) < 10 −10.4 yr −1 , based on the W3 SFR calibration of Brown et al. (2017) and W1 stellar mass calibration of (Cluver et al. 2014) .
(ii) A stellar mass cut ≥ 10 10 M to exclude low-mass dwarf galaxies. Stellar masses are estimated from the stellar mass-to-light (M * /L W 1 ) ratio relation of Cluver et al. (2014) where the W1-W2 colour dependence takes into account the morphological dependence on the M/L (see Appendix A for further details). Dwarf galaxies are optically thin systems in terms of their dust properties, therefore the UV light produced by the young and massive stellar populations escapes the galaxy, causing their W2-W3 colour to be similar to passive galaxies (e.g., Jarrett et al. 2017) .
(iii) Galaxies at least 10 degrees away from the Galactic plane, as high Galactic dust extinction and a high density of foreground stars complicates the photometric measurements.
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HI-WISE Sample (Parkash et al., 2018 (iv) H i sources that are not comprised of multiple galaxies.
In addition to these cuts, the optical images of each galaxy are inspected and galaxies in crowded star fields or near bright foreground stars are removed from the sample. The final sample contains 91 z < 0.04 galaxies and we illustrate their WISE colours in Figure 1 , along with galaxies from Parkash et al. (2018) for comparison.
The Sample in Context
In Figure 2 we compare the sSFR and H i gas fraction (defined as M H I /M * ) distribution of the sample to the larger H i-WISE sample of Parkash et al. (2018) . The estimated median sSFR and H i gas fraction for stellar mass bins with a width of log(M * ) = 0.5 and 1σ (determined using the range encompassing 68% of the data) for both samples are listed in Table 1 . The medians for the H i-WISE sample are only determined using galaxies that meet the last three selection criteria (ii-iv). The sample falls below the H i-WISE sample and the star-forming main sequence (MS; Noeske et al. 2007; Rodighiero et al. 2011; Wuyts et al. 2011 ) by construction. Also, while the H i gas fraction for the sample is systematically lower than those of most comparable spiral galaxies, there is a broad spread and significant overlap. Therefore the low star formation rate of these galaxies cannot be explained by depletion of H i gas alone.
In Figure 2 we plot GASS 3505 (purple diamond), which is a well-studied red sequence galaxy with a relatively high H i mass (Geréb et al. 2016) . The H i mass and low SFR of GASS 3505 is comparable to some of our higher H i mass galaxies. This further emphasises that the sample galaxies are among the least star-forming H i-rich galaxies.
We also compare this sample to the ATLAS 3D H i survey (Serra et al. 2012 Medians for the H i-WISE sample were estimated using only galaxies that met the last three sample selection criteria. For comparison, we also plot the H i and stellar properties of well studied galaxy GASS 3503 (purple diamond; Geréb et al. 2016 ) and the ETGs from ATLAS 3D H i survey (pink; Serra et al. 2012) . By construction, the sample has a lower sSFR than the H i-WISE sample. On average, the H i gas fraction is lower than those of typical H i galaxies, but a significant fraction of galaxies have H i masses similar to those of typical star-forming galaxies. GASS 3503, a well-studied example of this class of galaxy, falls within the range of the sample, albeit with relatively low sSFR and high H i mass. GASS 3503 and some ETGs have H i content comparable to the galaxy sample emphasising that these galaxies are among the least star-forming H i galaxies.
166 early-type galaxies with the Westerbork Synthesis Radio Telescope (WSRT). Only 52 (32%) of the Serra et al. (2012) early-type galaxies had H i detections, with H i masses ranging from 10 6.26 to 10 9.98 M . In Figure 2 we compare the H i content and stellar properties of ATLAS 3D and the sample, using NASA-Sloan Atlas (NSA) masses for the ATLAS 3D galaxies (Blanton & Roweis 2007) . The H i gas fraction is on average lower for the ATLAS 3D ETG H i sample than our HIPASS selected sample, as ATLAS 3D H i observations were a targeted survey of individual galaxies and could thus push deeper than the blind HIPASS survey. That said, there are ATLAS 3D ETGs with H i masses comparable to those of galaxies from the sample and typical star-forming spiral galaxies.
To examine the morphologies of the sample and search for low level star formation, we use images from CarnegieIrvine Galaxy Survey (CGS; Ho et al. 2011), Dark Energy Survey (DES; Flaugher et al. 2015; Abbott et al. 2018; Morganson et al. 2018) , and Panoramic Survey Telescope and Rapid Response System (Pan-STARRS; Flewelling et al. 2016). In Figure 3 we present example postage stamps images from CGS. Of the 91 galaxies in the sample, 62 galaxies have deep optical images from at least one of these three surveys. By visually inspecting the deep optical images of the 62 galaxies, we find that 35 galaxies exhibit bars and/or rings. We also find that 32 of the 62 galaxies show clear evidence of recent star formation, including blue spiral arms or rings from the deep optical images at large radii (on average ∼ 1 , or ∼10 kpc at z = 0.01, but up to ∼30 kpc). Excluding those galaxies that show clear or tentative evidence of star formation in deep optical or GALEX ultraviolet images, we find just 9 galaxies (including HIPASSJ1304-30 and HIPASSJ1459-16) that could potentially be passive. Table A1 provides notes on the morphologies and evidence for star formation for individual galaxies, along with redshifts, stellar masses and H i masses.
SPECTROSCOPIC OBSERVATIONS AND DATA REDUCTION
WiFeS Observations
We observed 28 galaxies from the sample using the Wide Field Spectrograph (WiFeS, Dopita et al. 2007 Dopita et al. , 2010 integral field unit (IFU) on the Australian National University's 2.3 m telescope at Siding Spring Observatory. We will refer to these 28 galaxies as the spectroscopic sample. WiFeS IFU has a 25 × 38 field of view and we observed each galaxy using the B3000 and R3000 gratings along with the RT560 dichroic, providing wavelength coverage from 3500-9200Å and spectral resolution of σ ∼ 100 km s −1 . The observations were taken in nod-and-shuffle mode to reliably subtract the skylines. The WiFeS data were reduced using a Python-based data reduction pipeline, PyWiFeS, developed by Childress et al. (2014) . Table 2 lists the galaxies observed with WiFeS. Targets were prioritised based mainly upon observability, though galaxies that did not show any evidence of observable nuclear star formation in their optical and or UV images were preferred. ), rings (R), star formation in the outer region (SF), edge-on (EO) and dust lanes (DL). Out of these 25 galaxies, 15 exhibit either bar-like, ring-like features or both and 16 galaxies are passive at the centre but show signs of recent star formation in the outskirts. On average, these star-forming rings are ∼ 1 from the centre of the galaxy, which at the sample's average redshift of∼ 0.01 corresponds to a radius of ∼ 10 kpc. For this work, we have only observed the central 25 × 38 region of 28 galaxies with Wide Field Spectrograph (WiFeS, Dopita et al. 2007 Dopita et al. , 2010 integral field unit (IFU) and therefore do not have observe the faint outer star-forming regions. Kauffmann et al. (2003) and Schawinski et al. (2007) . Sy = Seyfert, LINER = low-ionisation nuclear emission-line region, LIER = low-ionisation emission-line region, SF = Star forming or H ii regions.
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Spectral Fitting
To search for signs of recent SF and quantify the nuclear ionisation parameters of the galaxies in the sample, we extract emission line fluxes from the WiFes data cubes by following the procedure outlined below:
(i) The data is Voronoi binned using the procedure of Cappellari & Copin (2003) to achieve adequate signal-tonoise (S/N) per bin based on the continuum S/N from 6000 to 6200Å range. The variance data cube given by the PyWiFeS pipeline was used to determine the noise. We choose a S/N target of 15.
(ii) The stellar kinematics are then determined for each Voronoi bin spectra using the penalised pixel fitting (ppxf, Cappellari 2017; Cappellari & Emsellem 2004 ) and the Indo-U.S. Library of Coude Feed Stellar Spectra templates (Valdes et al. 2004) . Gas emission lines are also fitted simultaneously using ppxf. The [O iii] and [N ii] doublets are fixed at theoretical flux ratio ∼ 3 (Cappellari 2017).
(iii) We measure nuclear spectra in a 3 diameter aperture, which at the mean redshift of the sample (z = 0.01) corresponds to 0.6 kpc. Spaxels within a 1.5 radius from the centre of the galaxy are velocity shifted to the central spaxel using the determined stellar kinematics of the relevant Voronoi bin, and then stacked. The stacked spectrum is then fitted with ppxf. We refer to this integrated spectrum as the nuclear spectrum of a galaxy.
We also measure the 4000Å break (D4000) of the nuclear spectrum of each galaxy by adopting the narrow definition of Balogh et al. (1999) . We estimate stellar population ages by comparing the measured strength of D4000 with Bruzual & Charlot (2003) single stellar population models of Padova 1994 evolutionary tracks with Chabrier (2003) IMF and assuming Solar metallicity. We note that the D4000 is not an accurate stellar age indicator due to its degeneracy with metallicity and the unknown star formation history, but it is sufficient for this work to separate galaxies with recent star-formation, whose light will be dominated by a young stellar population from relatively passive galaxies whose light will be dominated by old stars.
SPECTROSCOPIC RESULTS
In Figure 4 , we show the nuclear spectrum for the inner 1.5 of each galaxy with the Hα and [N ii] wavelength range highlighted in yellow. Three out of 28 galaxies show evidence of central star formation, including Hβ, [O ii] and Hα emission lines and a relatively flat continuum with a weak 4000Å break of ∼ 1.4, which corresponds to an age of 1 Gyr. However, the vast majority of the galaxies (25/28) have a strong 4000Å break consistent with the centres of these galaxies having an old stellar population. We estimate the mean D4000 of these 25 galaxies to be 1.87 and the stellar population age to be ∼ 5 Gyr. While most of the galaxies have old stellar populations with strong 4000Å breaks, all the galaxies have significant nebular line emission. These 25 galaxies have [N ii] to Hα flux ratios greater than one, which is consistent with emission from Seyferts (Sy), low-ionisation nuclear emission-line region (LINERs), or low-ionisation emissionline region (LIERs) galaxies. Normalised Flux + Constant Figure 4 . The nuclear spectra shifted to the rest frame of the spectroscopic sample. The galaxies are ordered from bottom to top by increasing [N ii]/Hα emission ratio. Balmer absorption lines and D4000 break are observed in 25 out of 28 of the galaxies, leading us to classify these spectra as being from ageing stellar populations. Most galaxies in the sample also exhibit a strong [N ii] emission characteristic of Seyfert and LINER galaxies.
We classify the spectroscopic sample based on the Baldwin, Phillips and Terlevich diagram (BPT; Baldwin et al. 1981) using the nuclear spectra shown in Figure 5 . In this work, we adopt the demarcation line of Kauffmann et al. (2003) and Schawinski et al. (2007) to separate star-forming galaxies, Seyferts and LINERs/LIERs. We also distinguish between galaxies with nuclear low-ionisation emission and extended low-ionisation emission as LINERs and LIERs, respectively. Of the 28 galaxies observed, 3 galaxies are classified as star-forming, 4 are classified as Seyferts and 21 are classified as either LINERs or LIERs. We distinguish between LINERs and LIERs by considering the spaxels outside the nuclear region as further discussed in Section 5. Table  2 lists the emission line ratios and AGN classification based on the central spectra.
In Figure 6 and in Appendix B, we show examples of archival nuclear spectra of galaxies in the parent sample to compare with the WiFeS spectroscopic sample. We compiled 52 nuclear spectra from the 6dF Galaxy Survey (6dFGS; Jones et al. 2004 Jones et al. , 2009 ). Of the 52 galaxies, ∼ 35 (67%) show evidence of [N ii] emission stronger than Hα, indicative of LINERs or Seyferts. The total percentage of LINERs and Seyferts estimated from the archival 6dFGS spectra (67%) may be an underestimate due to low signal-to-noise, so the high percentage of LINERs/LIERS in the WiFeS spectroscopic sample (75%) may better reflect the true percentage in the parent sample. We do not provide a more quantitative analysis of the 6dFGS spectra because measurements of the emission lines are hindered by poor signal-to-noise and flux calibration.
LINERS OR LIERS?
To evaluate the extended emission of the galaxies and distinguish between LINERs and LIERs, we construct a spatiallyresolved BPT diagram for each of the galaxies in the spectroscopic sample, which are shown in Figure 7 and in Appendix . BPT diagnostic diagram of the nuclear spectra (using a 3 diameter) for the spectroscopic sample. Each galaxy is represented by a different symbol to clearly display the classification of individual galaxies. The Kauffmann et al. (2003) and Kewley et al. (2001) classification lines, which are used to separate emission from Hii regions from AGN-like emission, are in orange and blue respectively and the Schawinski et al. (2007) division line between Seyfert-like and LINER-like emission is in black. Though 3 galaxies exhibit star-forming like emission, the majority of the galaxies exhibit AGN-like emission in the central regions. Out of 25 galaxies with Seyfert-LINER like emission, 4 galaxies show Seyfert-like emission and 21 galaxies show LINER-like emission.
C. The line ratios are calculated for each Voronoi bin in the data-cube with a signal-to-noise (S/N) > 3 in the relevant emission lines. Each Voronoi bin is coloured by the distance between the galaxy centre and the Voronoi bin centre. Bins within the central 1.5 of the galaxy are circled in black. We find that most of the emission line ratios of the outer Voronoi bins of the star-forming galaxies are classified as star forming. On the other hand, the excitation structure of Seyfert galaxies (i.e. galaxies where the central spectra are classified as Seyfert) appears to be more complex as the outer bins are either becoming more star-forming or having LINER-like emission.
To distinguish between LINERs and LIERs, we define emission from the nuclear region to be within a 3 1 diameter aperture and extended emission to be outside that aperture. A galaxy is labelled as a LIER if at least 1 Voronoi bin located outside the nuclear region is classified as LINER-like 1 At a the sample's mean redshift of 0.01, 3 corresponds to 0.6 kpc. emission. Galaxies with insufficient S/N outside the nuclear region or with no Voronoi bins outside the nuclear region exhibiting LINER-like emission are labelled as LINERs. Out of 21 galaxies that are LINERs or LIERs, 20 are classified as LIERs and 1 is classified as a LINER. Our principal results do not strongly depend on the threshold used for extended emission. If we use a 8 diameter to define the nuclear region then 18 galaxies are classified as LIERs and 3 galaxies are classified as LINERs.
DISCUSSION
Our initial motivation was to study the properties of galaxies that are in transition between the red sequence and blue cloud by studying a sample of H i galaxies with little star formation and to identify possible quenching mechanisms that are at play. Using the H i-WISE sample, we identified 91 H i galaxies that show little to no star formation (sSFR < 10 −10.4 yr −1 ) and obtained IFU follow-up observations of 28 H i galaxies using the WiFeS IFS. Insights into how these J0243-29 LIER J0306-00 6500 6550 6600
J0409-56 LIER
6500 6550 6600
J2120-39
Rest Wavelength (Å) Normalized Flux Figure 6 . Examples of archival 6dFGS spectra (black-solid line) shifted to rest frame of the nuclear region of the galaxies in the sample. The Hα and [N ii] emission lines are highlighted in yellow and purple, respectively and the WiFeS nuclear spectum is shown in green when available. Out of the 52 galaxies in the sample that have archival 6dFGS nuclear spectra, ∼35 galaxies show [N ii] emission that is comparable to or stronger than Hα emission, which is indicative of LINERs or AGNs rather than star formation.
galaxies might have been quenched is not immediately apparent, so we are saving such an analysis for a future work. However, the large fraction of LIERs in the spectroscopic sample is a standout result in itself. In this section, we will discuss the potential source of this LIER emission and why there is an unusually large fraction of LIERs in the spectroscopic sample. The extended LIER emission that we observe in the spectroscopic sample is at odds with them being powered by low luminosity AGNs (i.e., Heckman 1980; Ho et al. 1997; Kauffmann et al. 2003; Kewley et al. 2006) . For decades, lowluminosity AGNs were the preferred explanation for LINER emission, but recent studies have found many "LINERs" that are inconsistent with the AGN-ionisation hypothesis. Spatially resolved IFU observations, similar to our work, revealed that LINER-like emission is extended on kpc scales and that the radial emission-line surface brightness profiles of LINERs are shallower than the predicted r −1 radial decrement for AGN photoionization (Sarzi et al. 2010; Yan & Blanton 2012; Singh et al. 2013) . Therefore, it has been argued that the power source for extended LIER emission is not due to an AGN, but a source that is distributed throughout the galaxy.
Several authors have proposed that the source of LIER emission is from photoionisation by evolved stars, including post-asymptotic giant branch (pAGB) stars 2 (Binette et al. 1994; Stasińska et al. 2008; Cid Fernandes et al. 2010 Yan & Blanton 2012; Belfiore et al. 2016) . pAGB stars are hot (∼ 30,000 K) enough to ionise the surrounding cool gas to produce LIER emission ratios and stellar population models have demonstrated that these stars become the main source 2 pAGB stars includes all stages following the asymptotic giant branch including the hydrogen burning, white dwarf cooling and intermediate phases (Stanghellini & Renzini 2000) .
of ionising photons once star formation has ceased and the young stars are dead (Binette et al. 1994; Sarzi et al. 2010; Johansson et al. 2014 Johansson et al. , 2016 . Belfiore et al. (2016) estimates the time from which pAGB stars become the dominant contributors to the ionising photon flux to be about ∼ 2 Gyrs after the last star forming event. Given that we have estimated an average age of stellar population for the LIERs to be ∼ 5 Gyrs, we conclude that pAGB stars to be the major contributor to the ionising photon flux in the galaxies and therefore the source of the LIER emission that we are observing.
Shocks caused by various astrophysical phenomena, such as galactic winds and mergers, may also explain LIERs (Monreal-Ibero et al. 2006 Farage et al. 2010; Rich et al. 2010 Rich et al. , 2011 Rich et al. , 2015 . Gas kinematics may provide evidence for shock ionisation, and we will study the stellar and gas kinematics of the galaxies in a future paper. However, we note that deep optical imaging does not show compelling evidence for galaxy mergers. Thus, while shocks may explain some LIERs, for now our preferred explanation is pAGB stars.
Compared to previous studies, the high percentage of LIER galaxies in the spectroscopic sample is remarkable. At z ∼ 0, for a stellar mass range between 10 9 to 10 12 M , ∼20% of all galaxies are LINERs or LIERs, ∼ 53% are star-forming galaxies and the remainder include Seyferts, mergers and unclassified galaxies such as passive galaxies (Belfiore et al. 2016) . For a stellar mass range between 10 10 to 10 11.5 M , LINERs/LIERs make up ∼75% of the spectroscopic sample. The percentage of LINERs/LIERs compared to the total galaxy population is found to increase with stellar mass, but only from ∼ 20% to ∼ 35% for a 10 10 to 10 10.5 M stellar mass bin to a 10 11 to 10 11.5 M stellar mass bin (Belfiore et al. 2016 ). This implies that the H i content plus the low star formation rate of the sample is a common trait of LINERs/LIERs.
In the context of our sample selection and properties, the high percentage of LIERs in the spectroscopic sample may not be as surprising as it seems. In order to detect extended-LIER emission from a galaxy, the host galaxy must be old enough to have pAGB stars as the dominant ionising source and cold gas for the ultraviolet photons to ionise. LIER emission is not detected in star-forming galaxies as young stars are the dominant source of ionising photons (Binette et al. 1994 ). Meanwhile, not all old passive galaxies show LIER emission because they lack the cold gas required to produce the LIER signature spectrum (Belfiore et al. 2017 ). Though we do not have spatial information about H i gas for the sample, we know that the galaxies have a H i gas reservoir and presumably there is some amount of gas present in the central regions in order to produce the observed LIER emission. Follow-up interferometric H i observations are needed to confirm the location of H i gas relative to the observed LIER emission. Our broad picture, where LIERs result from evolved stellar populations and presence of cold gas, is broadly similar to that of Belfiore et al. (2017) , although they did not directly measure H i gas content. Previous studies have detected H i gas in LINERs (Haan et al. 2008; Geréb et al. 2013 Geréb et al. , 2015 . Haan et al. (2008) found the mean H i mass of seven LINERs to be ∼ 10 10 M , which is comparable to the H i masses of the most massive LIERs in the spectroscopic sample. Geréb et al. (2015) Figure 5 , 20 galaxies show emission that extends beyond 3 , so we classify these galaxies as LIERs.
stacking to detect H i in 0 < z < 0.12 Seyferts and LINERs, and found a dependence on NUV-r colour, with only green valley objects containing detectable H i gas while red objects did not. As these studies selected their AGNs and LINERs using nuclear spectra emission line ratios, it is not clear if they were selecting galaxies with extended LIER emission. However, these studies do indicate that H i gas is common in green valley galaxies that have nebular emission lines and older stellar populations.
The characteristics of the LIERs in the spectroscopic sample are consistent with the inside-out quenching scenario (Muñoz-Mateos et al. 2007; Tacchella et al. 2015; Lin et al. 2017; Belfiore et al. 2017) . The WiFeS spatially resolved data demonstrates that the centre of these galaxies are dominated by an older stellar population out to a radius of ∼ 19 , or 3.8 kpc, implying that star formation has stopped, while deep optical imaging of 10 LIERs (i.e., HIPASSJ0243-29, HIPASSJ0319-26, HIPASSJ2241-44) show evidence of recent star formation on average 10 kpc (and sometimes up to 30 kpc) from the centre of the galaxies, consistent with the inside-out quenching scenario. Figure 8 illustrates that LINERs/LIERs have a B/T distribution consistent with green valley galaxies that may be undergoing inside-out quenching (Schiminovich et al. 2007; Lin et al. 2017) , as they fall between the B/T distributions of star forming galaxies (i.e. H i-WISE galaxies) and the bulge dominate passive galaxies (such as ATLAS 3D ). We preform a Kolmogorov-Smirnov test (KS test) on the B/T distributions for the H i-WISE sample and the parent sample of 91 galaxies and find that we may reject the null hypothesis that the H i-WISE sample and parent sample are drawn from the same distribution (KS statistic = 0.62). We find a similar result while performing the the KS test on the B/T distributions for the observed LIERs/LINERs sample and H i-WISE sample (KS statistic = 0.69), emphasising that morphology of this sample differs from the star-forming galaxies of the H i-WISE sample. That being said, the B/T ratio of the sample is not as large as the ATLAS 3D ETGs. Cumulative Probability HI-WISE Galaxies The Sample Observed LINERs/LIERs ATLAS 3D HI Figure 8 . The cumulative probability of bulge-to-total ratios of the sample and of the observed LINER/LIERs compared to the H i-WISE sample (Parkash et al. 2018) and ATLAS 3D H i survey (Serra et al. 2012; Krajnović et al. 2013) . The bulge and disk light fractions are estimated using the axi-symmetric radial distribution of the W1 (3.4µm) emission constructed for each galaxy, in which is fit and integrated a double Sersic profile consisting of the inner bulge and the extended disk components (Jarrett et al. 2013 (Jarrett et al. , 2018 . We perform KS tests on B/T distributions for the H i-WISE sample, the parent sample of 91 galaxies and the observed LIERs/LINERs. We find the parent sample of 91 galaxies and the LIERs/LINERs have comparable B/T distributions, but have significantly higher B/T ratios than the overall H i-WISE galaxies. The B/T distribution for LIERs/LINERs is consistent with green valley galaxies, as they fall between the B/T distributions of star forming galaxies (i.e. H i-WISE galaxies) and the bulge dominated passive galaxies (such as ATLAS 3D ).
One possible physical cause to inside-out quenching is AGN feedback (e.g., Nandra et al. 2007; Wake et al. 2012; Bluck et al. 2014) , where an AGN heats or ejects cold gas, and hence terminates star formation in the bulge. We cannot rule out that the LINERs/LIERs host weak AGNs as we do not achieve the 100-200 pc resolution required to identify low luminosity AGNs (e.g., Ho 2008; Belfiore et al. 2016) as we are observing in 1-2 seeing. Follow-up higher spatial resolution IFU observations are needed to confirm that AGN feedback is the cause of inside-out quenching.
SUMMARY AND CONCLUSIONS
We have identified a sample of 91 local H i galaxies (10 8.7 M < M H I < 10 10.8 M ) with little to no star formation (sSFR < 10 −10.4 yr −1 ) and characterised their properties with IFU spectroscopy. While we have selected against star formation, all of the galaxies contain H i and deep imaging reveals that most (and perhaps all) of the galaxies in the sample have low levels of star formation, often at relatively large radii (∼ 1 , or ∼10 kpc). IFU observations of 28 galaxies reveals that majority of the galaxies (20 of 28 observed) are extended low ionisation emission region galaxies; LIERs. D4000 values imply that the LIERs have an average stellar population age of ∼ 5 Gyrs. The extended nebular line emission and dominant old stellar population are consistent with pAGBs being responsible for the observed LIER emission.
The high fraction of LIERs in the spectroscopic sample implies that presence the H i gas combined with little to no star formation could be a precondition for LIER emission.
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APPENDIX A: SAMPLE
Stellar mass were estimated following the GAMA-derived stellar mass-to-light (M * /L W 1 ) ratio relation of Cluver et al. (2014) :
which depends on the "in-band" luminosity relative to the Sun,
where M is the absolute W1 magnitude and M Sun = 3.24 (Jarrett et al. 2013) . SFR were derived from the estimated W3 emission flux from the interstellar medium (ISM), W3PAH (Cluver et al. 2017 ). In Parkash et al. (2018) , we estimate Balmer-decrement-corrected Hα (L H α ,Corr ) from the W3PAH flux using the prescription from and derives SFRs scaling the Kennicutt (1998) calibration to a Chabrier (2003) IMF:
and
As a consequence of using the W3PAH flux to estimate SFR, 16 of the 91 H i galaxies in the sample do not have a SFR measurement since the measured W3 flux of these galaxies is mostly dominated by evolved stellar population. T-types reported on Table A1 are extracted from Bonne et al. (2015) catalogue. Visual notes on the galaxy features or orientation based on optical CGS, DES or Pan-STARRS imaging are also listed such as bars (B), rings (R), star formation in the outer regions of the galaxy (SF), dust lanes (DL), or if the galaxy was edge-on (EO), disturbed or irregular (D), or a merging system (M). 
